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(54) A centrifugal separator 

(57) A centrifugal separator (20) for removing par- 
ticulate matter from a fluid includes a base (30) defining 
inlet (41 ), an outer shell (31 ) assembled to the base (30), 
a stationary centertube (34) assembled to the base (30), 
and a rotor assembly (20a) which is mounted onto the 
centertube (34) and positioned within the outer shell 
(31). The rotor assembly (20a) is bearingly mounted to 
the centertube (34) for rotation about the centertube 
(34). The rotor assembly (20a) includes a rotor shell 
(26), a cone-stack assembly (24), and a retention-me- 
dium sleeve (21 ) positioned between the cone-stack as- 
sembly (24) and the rotor shell (24) and the rotor shell 
(26) for receiving and retaining particulate matter which 
is centrifugaily from the fluid being "processed" by the 
centrifugal separator (20). A water-absorbent material 
is included as part of the retention-medium sleeve (21), 
whose preferred material is a high-void medium of at 
lest 70 per cent An additional retention-medium mem- 
ber formed into a coil-like shape is positioned between 
the cone-stack assembly (24) and the base (30). The 
base (30) includes a pair of tangential flow jet nozzles 
(50,51) which are used for driving the rotor assembly 
(20a). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The pr sent invention relates generally to th 5 
design of a centrifugal separator for removing particu- 
late matter from a fluid, such as lubricating oil for a diesel 
engine or hydraulic fluid. More specifically the present 
invention relates to the use of a retention medium 
formed into a generally cylindrical sleeve for use in a 
cone-stack centrifugal separator for capturing and re- 
taining particulate matter. 

[0002] Cone-stack centrifugal separators are dis- 
closed in United States Patent Nos. 5,575,912 and 
5,637,217. In each patent a flow path or flow circulation 
path is described as extending over, around and through 
a cone-stack assembly comprising a stacked plurality of 
virtually identical cones with the axial spacing between 
cones precisely controlled. What is ultimately achieved 
by the rotation of the cone-stack assembly which is driv- 
en as part of the rotor assembly is the separation of par- 
tial late matter out of the fluid and the collection of this 
particulate matter. Periodically, the cone-stack assem- 
bly is cleaned, in the case of a reusable cone -stack as- 
sembly, or discarded, in the case of a disposable, single- 
use cone-stack assembly. 

[0003] In engine lube-system applications, the partic- 
ulate matter and debris collected out of the fluid by the 
cone-stack assembly and by the centrifugal rotation of 
that assembly is compressed into a dense "sludge cake" 
that is resistant to reentrainment back into the fluid. In 
other words, once the particulate matter and debris is 
separated out of the fluid, it will not normally reenter the 
fluid due to its manner of being compressed into the 
sludge cake which basically stays intact. 
[0004] Unlike engine tube-system applications, the 
particulate matter and debris collected by a centrifugal 
separator in a hydraulic system is typically not formed 
into the described sludge cake. Whatever particulate 
matter or debris has accumulated in a hydraulic system 
has a tendency to reenter the fluid. The tendency for 
reentrainment back into the fluid is greatest during tran- 
sient conditions such as during engine startup. During 
the startup condition, the particle collection zone, which 
is between the outer peripheral edges of the individual 
cones of the cone stack and the outer wall of the rotor 
housing or shell, is subject to high fluid flow/shearAur- 
bulence that can cause substantial reentrainment of 
"loose" particulate collected in a hydraulic application. 
In order to prevent, or at least minimize, this reentrain- 
ment, the fluid flow and shear in the collection zone must 
be minimized. A solution is offered by the present inven- 
tion which includes novel and unobvious structural fea- 
tures and relationships. 

[0005] The present invention p rovides a retention me- 
dium which is placed around the outer edge of the cone- 
stack assembly and against the inside surface of the ro- 
tor shell. If a liner is used, the retention medium is placed 


against the inside surface of the liner. Based upon the 
typical shapes of cone-stack assembli s and rotor 
shells, the retention medium is typically formed into the 
shape of a cylindrical sleeve, with a generally uniform 
wall thickness. There may be a slight taper to this 
sleeve, but the key to its effectiveness is based upon 
the fact that the retention medium fills the clearance 
space (i.e., the particle collection zone) between the out- 
er peripheral edge of the cone-stack assembly and the 
rotor shell. 

[0006] The preferred material for the retention medi- 
um is a high-void medium such as a high-loft polyester 
(non-woven). Alternatively, a knitted metal mesh or re- 
ticulated foam can be used. The retention medium pro- 
vides a matrix for centrifuged particles to collect within 
and reduces fluid flow and shear during startup by di- 
verting the fluid away from the particle collection zone 
(i.e., separation zone). 

[0007] According to the present invention, once the 
retention medium is loaded with particulate matter and 
debris, the retention medium can either be cleaned, if 
designed for multiple uses, or discarded, if designed as 
a disposable unit. Generally speaking, the style of re- 
tention medium sleeve will coincide with the style of 
cone-stack assembly, either a multiple-use style or a 
disposable style. The disposable style of medium reten- 
tion sleeve, which might also be referred to as a replace- 
able retention medium sleeve, may be disposed of as a 
separate unit or disposed of as part of the disposal of 
the cone-stack assembly. 

SUMMARY OF THE INVENTION 

[0008] A centrifugal separator for removing particu- 
late matter from a fluid according to one embodiment of 
the present invention comprises a base, an outer shell 
assembled to the base, a centertube assembled to the 
base, and a rotor assembly mounted onto the center- 
tube, the rotor assembly including a retention-medium 
member constructed and arranged to receive and retain 
said particulate matter. 

[0009] One object of the present invention is to pro- 
vide an improved centrifugal separator which includes 
a retention-medium member. 

[001 0] Related objects and advantages of the present 
invention will be apparent from the following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a front elevational view in full section 
of a centrifugal separator according to a typical embod- 
iment of the present invention. 
[0012] FIG. 2 is an enlarged detail of a portion of the 
FIG. 1 centrifugal separator illustrating the presence of 
a retention-medium sleeve. 

[001 3] FIG. 3 is a front elevational view in full section 
of the FIG. 1 centrifugal separator with a retention-me- 
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dium coil positioned within a rotor assembly. 
[001 4] FIG. 4 is a partial, front elevational view in full 
section of the FIG. 2 retention-medium si eve with wa- 
ter-absorbent fibers added. 

DESCRPITION OF THE PREFERRED EMBODIMENT 

[001 5] For the purposes of promoting an understand- 
ing of the principles of the invention, reference will now 
be made to the embodiment illustrated in the drawings 
and specific language will be used to describe the same. 
It will nevertheless be understood that no limitation of 
the scope of the invention is thereby intended, such al- 
terations and further modifications in the illustrated de- 
vice, and such further applications of the principles of 
the invention as illustrated therein being contemplated 
as would normally occur to one skilled in the art to which 
the invention relates. 

[0016] Referring to FIGS. 1 and 2 there is illustrated 
a cone-stack, centrifugal separator 20 with a particle- 
retention medium formed into a generally cylindrical 
sleeve 21 which is positioned within rotor assembly 20a. 
More specifically, sleeve 21 is positioned within the par- 
ticle collection zone 22 which is disposed between and 
defined by the outer peripheral edge 23 of the cone- 
stack assembly 24 and the inner surface 25 of the rotor 
shell 26. If a rotor shell liner is provided, it is positioned 
at the location of broken line 27. With this structure, the 
sleeve 21 is positioned adjacent to the inner surface 28 
of the liner (i.e., line 27). Since the cone-stack assembly 
24 is made up of an axial stack of virtually identical in- 
dividual cones with a nearly identical spacing between 
cones, the outer peripheral edge 23 of the cone-stack 
assembly 24 is basically the outer peripheral edge of 
each of the individual cones comprising the cone stack: 
Rotor assembly 20a includes rotor shell 26, cone^stack 
assembly 24, and sleeve 21 , to mention some of the pri- 
mary components. 

[0017] The purpose and function of sleeve 21 is to 
capture and retain particulate matter and debris which 
is centrifugal ly separated out of the fluid being circulated 
through the centrifugal separator 20. Once the particu- 
late matter and debris is captured, the design of sleeve 
21 , including the composition arid design of the particle 
retention medium, effectively prevents, but at a mini- 
mum substantially reduces, any reentrainment of the 
captured particulate matter and debris into the circulat- 
ing fluid. The tendency for reentrainment is greatest dur- 
ing transient conditions such as during engine startup. 
The detailed operation of a self -driven, cone-stack cen- 
trifuge or centrifugal separator is described in United 
States Patent Nos. 5,575,912 and 5,637,217. U.S. Pat- 
ent No. 5,575,912, which issued November 19, 1996 to" 
Herman et al., is hereby expressfy incorporated by ref- : 
erence herein. U.S. Patent No. 5,637,217, which issued 
June 10, 1997 to Herman et al., is hereby expressly in- 
corporated by reference herein. 
[001 8] A bypass circuit centrifuge is disclos d in Unit- 


ed States Patent No. 5,575,912. The centrrfug is de- 
signed for separating particulate matter ut of a circu- 
lating liquid and is configured with a hollow and gener- 
ally cylindrical centrifuge bowi which is arranged in com- 

s bination with a base plate so as to defin a liquid flow 
chamber. A hollow centertube axially extends up 
through the base plate into the hollow interior of the cen- 
trifuge bowl. The bypass circuit centrifuge is designed 
so as to be assembled within a cover assembly and a 

10 pair of oppositely disposed tangential flow nozzles in the 
base plate are used to spin the centrifuge within the cov- 
er so as to cause particles to separate out from the liq-. 
uid. The interior of the centrifuge bowl includes a plural- 
ity of truncated cones which are arranged into a stacked 

15 array and are closely spaced so as to enhance the sep- 
aration efficiency. The stacked array of truncated cones 
is sandwiched between a top plate positioned adjacent 
to the top portion of the centrifuge bowl and a bottom 
plate which is positioned closer to the base plate. The 

20 incoming liquid flow exits the centertube through a pair 
of oil inlets and from there flows through the top plate. 
The top plate in conjunction with ribs on the inside sur- 
face of the centrifuge bowl accelerate and direct this flow 
into the upper portion of the stacked array of truncated 

2$ cones. As the flow passes through the channels created 
between adjacent cones, particle separation occurs as 
the liquid continues to flow downwardly to the tangential 
flow nozzles. 

[0019] A bypass circuit centrifuge is disclosed in U.S. 
30 Patent No. 5,637,217. The centrifuge is designed for 
separating particulate matter out of a circulating liquid 
and is configured with a hollow and generally cylindrical 
centrifuge bowl which is arranged in combination with a 
base plate so as to define a liquid flow chamber. A hollow 
35 centertube axially extends up through the base plate in- 
to the hollow interior of the centrifuge bowl. The bypass 
circuit centrifuge~is designed so as to be assembled 
within a cover assembly and a pair of oppositely dis- 
posed tangential flow nozzles inthe base plate are used 
40 to spin the centrifuge within thereover so as to cause 
particles to separate out from the liquid. The interior of 
the centrifuge bowl includes a plurality of truncated 
cones which are arranged into a stacked array and are 
closelyspacedso as to enhance the separation efficien- 
ts cy. The incoming liquid flow exits the centertube through 
a pair of oil inlets and from there is directed into the 
stacked array of cones. -In one embodiment, a top plate 
in conjunction with ribs on the inside surface of the cen- 
trifuge bowl accelerate and direct this flow into the upper 
so portion of the stacked array. 4n another embodiment the 
stacked array is arranged as part of a disposable sub- 
assembly. In each embodiment, as the flow passes 
through the channels Cf eated between adjacent cones, 
particle separation occurs as the liquid continues to flow 
ss downwardly to the tangential flow nozzles. 

[0020] One of the aspects of the structures disclosed 
in the two referenced patents is that both are designed 
principally for handling lube oil and removing particulate 
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matter and debris from the lub oil flowing across the 
cone-stack assemblies through the centrifuges; As was 
explained in the. Background, the particulate matter and 
debris which is separated out of the lube il collects and 
compacts itself into what can best b described as a 
sludge cake. Since this sludge cake basically stays in- 
tact as it accumulates and builds, there is little risk that 
portions of the sludge will separate and enter or disperse 
back into the flowing or circulating lube oil. Due to the 
physical properties or characteristics of lube oil sludge 
(i.e., particulate matter and debris), it is not necessary 
to provide other devices or structures to hold or capture 
the sludge as it accumulates. As the sludge builds up, 
it is compressed into the cake or mass and basically 
stays intact in that form. 

[0021] When a centrifuge or centrifugal separator, 
preferably with a cone-stack assembly, is used for hy- 
draulic fluid, the particulate matter and debris (i.e., 
sludge) does not possess the same properties as lube 
oil sludge. Specifically, a sludge cake does not form 
when centrifuging hydraulic fluid to separate out partic- 
ulate matter and debris. The sludge does not accumu- 
late into a mass that basically stays intact. There is 
therefore a potential for the particulate matter and debris 
which has already been removed from the hydraulic fluid 
to reenter that fluid. As described, the greatest tendency 
for this type of reentrainment to occur is during transient 
conditions, such as during engine startup. 
[0022] In order to address this situation, the present 
invention provides a particle retention medium which is 
formed into a generally cylindrical sleeve 21 and in- 
stalled into a cone-stack centrifugal separator 20. The 
basic construction of centrifugal separator 20 is similar 
to the centrifuge structures disclosed in U.S. Patent 
Nos. 5,575,912 and 5,637,217, except primarily for the 
addition of sleeve 21. The FIG. 1 illustration also in- 
cludes the surrounding and enclosing structure of base 
30, outer shell 31 , annular clamp assembly 32, and cap 
assembly 33. Also included is the stationary centertube 
34 which is threadedly mounted into hub 35 of base 30. 
Rotor tube 36 which is part of rotor assembly 20a is po- 
sitioned around and is concentric with centertube 34 and 
is bearingly supported therewith for rotation of the rotor 
assembly 20a, including the rotation of cone-stack as- 
sembly 24; about centertube 34. The upper tip 40 of 
centertube 34 is received by cap assembly 33 which 
helps to maintain the concentric alignment of the annu- 
lar components of centrifugal separator 20. 
[0023] The fluid inlet 41 defined by base 30 delivers 
the fluid to be "processed" by the cone-stack assembly 
24. The fluid flows through main passageway 42 and 
exits into the interior 43 of rotor tube 36 via connecting 
passageway 44. The fluid travels upwardly toward the 
top or tapered end of the cone stack 45 and exits from 
rotor tube 36 by way of flow ports 46. The fluid flow over 
and through the cone stack 45 begins adjacent the outer 
edge 47 of each cone 48 where the fluid flow travels 
through the cone flow holes 49 and then upwardly and 
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inwardly between adjacent cones 48 (see FIG. 2). Th 
fluid flow then travels downwardly in the direction of 
bas 30 betw en the inner annular dges 48a of the 
cones and the outer surf ac of rotor tube 36. The xrting 

s fluid at the lower edge of the cone stack 45 is directed 
through flow jet nozzles 50 and 51 which are directed 
tangentially relative to the axis of rotation of the cone- 
stack assembly 24, for imparting (self-driven) rotary mo- 
tion to the cone-stack assembly. The spent fluid exiting 

10 from the flow jet nozzles 50 and 51 is routed to drain 52. 
As would be understood, and to complete the construc- 
tion of centrifugal separator 20, the outer shell 31 is at- 
tached to base 30 by means of clamp assembly 32. An 
interior O-ring seal is used to provide a liquid-tight inter- 

is face at this location. The space between the outer sur- 
face of rotor assembly 20a and the inside surface of out- 
er shell 31 is an air gap which facilitates the free rotation 
of the rotor assembly 20a relative to the stationary 
centertube 34 and relative to the remainder of the cen- 

20 trifugal separator 20, noting that the outer shell 31 as 
well as the base 30 are also stationary relative to the 
rotation of rotor assembly 20a. 
[0024] With continued reference to FIG. 2. the con- 
struction details of cylindrical sleeve 21 including the 

2S composition of the particle retention medium will now be 
described. While sleeve 21 has been described as being 
generally cylindrical, its exact shape is influenced by the 
shape of the rotor shell 26 and/or any rotor liner, if a rotor 
liner is provided (see line 27 in FIG. 2). The inner surface 

30 57 of the sleeve 21 is cylindrical and any slight taper to 
the overall sleeve 21 is due to or corresponds to any 
taper in the rotor shell or rotor liner. Since each cone 48 
is of a virtually identical construction, and since each 
cone is positioned the same relative to cylindrical rotor 

35 tube 36, the outer annular edge 47 of each cone 48 is 
positioned adjacent inner edge 57 with virtually identical 
spacing, both radially and axially, which spacing in a ra- 
dial direction relative to inner surface 57 is minimal. 
[0025] . The particle retention medium which creates a 

40 particle trap is a high-void medium (at least greater than 
70 per cent), such as a high-loft polyester, preferably 
non-woven, a knitted metal mesh, or a reticulated foam, 
to mention a few of the material options. The use of 
these types of materials and the specific configuration 

45 and shape for sleeve 21 results in a matrix for centrifuge 
particles to collect within and reduces fluid flow and 
shear during startup conditions by diverting the fluid flow 
away from the collection (i.e., separation) zone. 
[0026] Based on the testing of various materials, the .. 

so best performance has been achieved with a high-loft, 
non-woven polyester material similar to what is used as 
pre-filter material for heavy duty air filters. The testing 
which was conducted in order to evaluate the effective- 
ness of various materials for cylindrical sleeve 21 in- 

ss volved the loading of a centrifuge rotor with dust and 
then subjecting it to shut down/startup cycles while con- 
tinuously monitoring particle counts in the test sump with 
an on-line laser particle counter. The reentrainment ratio 
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(particle count during shut down divided by particl 
count spik immediately after startup) was plotted for 
various particle sizes. These results enabled selection 
of the preferred material. 

[0027] With r ference to FIG. 3, an enhancement to 
the structur of FIG. 1 is illustrated. The enhancement 
includes the placement of a donut-shaped ring 60 of fil- 
tering material between the cone-stack assembly 24 
and the flow jet nozzles 50 and 51 . The use of this ma- 
terial and the forming of the material into a coiHike 
shape, as well as its placement within the centrifugal 
separator, enables ring 60 to function as a type of final 
filter in order to capture any reentrained debris or par- 
ticulate matter. 

[0028] Another enhancement for cylindrical sleeve 21 
is illustrated in FIG. 4. This enhancement includes the 
addition of water-absorbent pellets 62 or granular pow- 
ders composed of xanthan,: starch, or acrylate superab- 
sorbent polymers. A few of the pellets 62 are illustrated 
in FIG. 4. Superabsorbent polymers such as those fab- 
ricated from polyacrylate and polyacrylamide are fre- 
quently used in infant diapers. The sleeve. 63 which is 
created is thus able to capture separated water and pre- 
vent it from draining out of the centrifuge during shut 
down. This is particularly important for hydraulic appli- 
cations because water is highly undesirable in hydraulic 
systems. Since water is more dense than oil, the oper- 
ation of the centrifugal separator separates the water 
from the oil. Once this separation task is performed, it 
would be an important enhancement and an improve- 
ment to capture and retain the water within the centrif- 
ugal separator, specifically within sleeve 63, for later re- 
moval when the sleeve 63 is replaced. Replacement of 
sleeve 21 or of sleeve 63 may be achieved by disas- 
sembly of centrifugal separator 20 and removal of the 
sleeve as a separate component. The sleeve, 21 or 63, 
may also be removed as part of the removal of a re- 
placeable cone-stack assembly. 
[0029] While the invention has been illustrated arid 
described in detail in the drawings -and foregoing de- 
scription, the same is to be considered as illustrative and 
not restrictive in character, it being understood that only 
the preferred embodiment has been shown and de- 
scribed and that al! changes and modifications that 
come within the spirit of the invention are desired to be 
protected. 


Claims 

1. A centrifugal separator for removing particulate 
matter from a fluid, said centrifugal separator com- 
prising: 

a base; 

an outer shell assembled to said base; 

a centertube assembled to said base; 

a rotor assembly mounted onto said center- 


to 


tube, said rotor assembly being constructed 
and arranged to rotate about said cent rtub , 
said rotor assembly including a retention-medi- 
um member constructed and arranged to re- 
ceiv and retain said particulate matter. 

A centrifugal separator according to claim 1 wherein 
said rotor assembly further includes a rotor shell 
with an inside surface and said retention-medium 
member is positioned adjacent said inside surface. 


3. A centrifugal separator according to claim 1 wherein 
said rotor assembly includes a cone-stack assem- 
bly with a plurality of cones, each cone having an 

is outer peripheral edge, said retention-medium mem- 
ber being positioned between said outer peripheral 
edges and said outer shell. 

4. A centrigual separator according to claim 2 wherein 
20 said rotor assembly further includes a cone-stack 

assembly with a plurality of cones, each cone hav- 
ing an outer peripheral edge, said retention-medi- 
um member being positioned between said outer 
peripheral edges and said inside surface. 

25 

5. A centrifugal separator according to claim 3 or claim 
4, wherein said retention-medium member has a 
substantially cylindrical shape. 

30 6. A centrifugal separator according to claim 1 or claim 
2 or claim 5, wherein the material used for said re- 
tention-medium member is a high-void medium of 
at least 70 per cent. 

35 7, A centrifugal separator according to claim 6, where* 
in the material for said retention-medium member 
is a high-loft, non^woven polyester. 

8. A centrifugal separator according to claim 1 or claim 
40 2 or claim 7, wherein the material for said retention- 
medium member includes a water-absorbent mate- 
rial. 


9. A centrifugal separator according to claim 2 of claim 
45 8, wherein said rotor assembly further includes an 

annular retention-medium coil. 

1 0. A centrifugal separator according to claim 9, where- 
in said base includes at least one jet flow nozzle, 

so said annular retention-medium coil being posi- 
tioned between said cone-stack assembly and said 
at least one jet flow nozzle. 
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